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Fivure legends

Figure |1 High resolution XPS scans of the N 1s region of PEDA nopl, MAP imiddle ),
and DET A (hotwomi.

Frzure 20 High resolution XPS scans of the N1s region of EDA (top), APTS (middlel, and
PL [(boltaimnl

Figure 3: XPS normalized peak areas vs. tinie in calture for DETA and PL in plates with
cells and in media alone. This indicates cells are responsible for most ol the
deposited material.

Figure 4: Phase images of adult cortical ncurons cultured under serum-free conditions with
addition of 5 ng/mi bFGE.

Figure 5: Phase contrast and tluorescence micrascope images of an adult cortical NEUron.
Nettrons were slained with MAP-2 {micratubule associated protein - 2: red).

Figure 6 Newrondl and astrocytic expression of embryoenic cortcal cells caltured inserum-
free medim on pely-D-lysine and DETA tor 21 days. Fluorescence
photomicrogeaphs (top and middle panets) of NSE {neuron specific enolase )
and GFAP- immunoscactive cells cultured from E16 rut cerebral corex. Cells
were incubated simultancously with tabbit anti-NSE and mouse anti-GFAP,
followed by incubition with o mixlure of Muorescein conjugated poat anti-mouse
leGoand rhodamine-conjugated goal anti rubbit 126G Maost cells ure staned by
wit-GFAP tgreeny. About 3% of total cells express NSE fred) on poly-D-lysine
and DETA. Clusters of NSE+ celis arc oiten scen on BETA L [n the bottom
pane] are phise contrast photomicrographs showing cortical cells culwred on
pely-D-lysine in serum-free mediun with and without CNTE,

Figure 7: The eftect of aribicial suriaces on neuratransimitter phenotype expression ol
erbryonic corticul cells cultured in serum-tree mediom. Fluorescence
photomicrographs of GABA  and glutumate- immunoredctve cells cultured tor 7
ddaws from E1- rat cerebral cortex, Sister cultures have heen incubated with anti-
GABA and anti-glutaniue antibodies, Co poly-D-lvsine and DETA
slutamalerzie neurons represent approximately 30 - 405 of wtal cells, while
GABAcrze neurons represent about 30 - 60% of wotal cells. The ratio of
slutamatergiv to GABAergic neurons s .63 0 1. On 13F, about 20} - 30% arc
L.UI'HP(J\LJ of s_]umnmlutrm 50 - 605 express GABAL the ratio of glutamatergic
w GABAcrgic cells s 0 450 1. Results sugacst that the by dmplu]m surtce
(DETAL simular to poly-D-lyaine. supports ransmitter phenolype cXpression,
while the hydrophiobic surface { E3F) decreases the number of glutamatergic
cells, but has no significant eftect on GABAergie cell expression,

Figure 8 influence of bFGE on survival and leading edge cxtension of cortical astrocytes
cultred in serum free mediom for 4 days. Astrocyles were grown on poly-D-
Iysine (PLIL DETA, 13F and OTS and immunostained with anti-GFAD.
Fluorescenee photomicrographs show higher cells survival and leading edge
extension of GEAP+ astrocyies on PL and DETA thun on 13F and OTS. The
addition of BUGE improved cell survival and growth on 13F and OTS, but did
not significantly alTect cell growth on PLoand DETA suggesting thal bEGE
CXerTs i profeclive cilfect an astrocyles i viiro,




Fipure 9: Phase [1.3.57 and fluerescence {2.4.60 microscopy showing micreghal cultores

and differenial adhesion according to substrate. Both ameboid and activated
stages o microglha are present on control poly-D-lyvsine (1.2.3 40, with
diminished attachment on DETA substrates (5,01

Figure 10: Fluorescence photomicrographs showing cortical microglial cultures plated on

Fipure | I:

IFigure 12

Figure 13:

polv-D-lysine. DETA and 13F atter 12 d‘na in culture. fixed and immunestained
with mlcmvlml specitic marker OX-42 (Serotechy. Many of the microglia
project thin processes and reseinble ramitied microglia. DETA. similar to peoly-
1) tysine wr hydrophobicity. promoles survival and growth. A more
hj,dmphnhlu surtace. [3F. elicits poorer artachmenUsurvivi,

XPS survey spectrin APTS monolayer thotlomi. APTS monakiyer derevatized
with covalent crosslinker, plutaraldebyde tmiddler. APTS monotayer with
covalent vrosslinker t‘-rlummlddde aitached to apo-transferrin (topr,. The X -axis
shows the binding energy of electrons in the film and 1s dircetly related o
ditferent elements. The Y-axis shows the relative XPS intensity. Nole lhat the
~ize of the Cls and N1s signal as compared to the size of the 512p signal and 15
indicarive of the amount of bound material aiter reaction and washme to remaove
[eosely bound material.

Panel of phase images of E18 rat cortical nearon cultures after 4 days in culture
in MEM + N3/a + 5 ng/ml biHGE on APTS monolayers either moditied by
apotransiertin CAPO) or bovine serum albuiin (BSA 1 adsorbed o the surfuce or
derivatized with covalent crosslinker. glutaraldehyde (GLL). Controsls are
shiwwn here: poly-T-lvsine tA 1L APTS (Bl and APTS + GLU(CL

Panel of phase images of F18 rat cortical neuren cultwres atter 4 days in culture
in MEM = N3¢ + 5 ng/ml bFGE on APTS monolayers either modiiied by
apotransterrin (APOY or bovine serum alhumin (BS A1 adsorbed Lo the surfuce or
derivatized with covalent crosslinker, glaturaldehyde (GLU). AFTS + APO
(A APTS + GLU + APO [B1: APTS + BRA iC): APTS + GLU + BSA (D1,
Controls were APTS. APTS + GLUL and poly-D-lysine.
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Project Summary

The purpose of this project is te develop modified aroficial surtaces for implantable
biocompatible electrodes in the cerebral corlex, To this erel, primary objectives of the
project are W develop an i vitro cell cultore model and o use i vireo cullures o select
surtuce modifications that control the interaction of neurons, astrocytes. and/or microglia in
embryonic and adult slages of development. This Quarterly report will sunimarize the

results and conclusions of the project to date. In briet we have:

11 established an o vitre systent that mnmies the environment found in CSF and studied
corticu] neurons. astroeyies and wueroglia in this system,

21 Demenstrated emsbeyonie cells (E1I-E T4y will exhibit adult markers imoour in wirro
system tatter 7- 14 dayst and compared these results to adult cells in the same system.

31 Demonstratcd surtace analysis s wkey component in understanding the resalts. as

well as provide u quantitative measure of system performance,

s

Showed that surface conposition can be used to select tor neuronal phenotype.

bl
f—

Beginning preliminury # vive ¢xperiments,

Overall project objectives

a) Selecting candidate surfaces that are Tikely to enhanee the microscopic mechanical
stabihization of a microstricture implanted within the central nervous system/

hi Selecting candidate organic surfaces that we likely to enhance the close approximation
af neurans or neuronal processes Lo specitic regions of implanted silicon microstructures:
o) Developing or adapting availahle methads to bond the selected arganic molecules to a
sihicon dioxide supfuwe like the surfuce of a mucromachined electrode (Tanghe and Wise: A
16 channel CMOS neuronal stimulating wray (IFEEF Trans. Sol Stare Cirewits 27 03275,
19925 and Lo chemically churactenize these surfaces before and after protein adsorpion.

[, The attachment method shall be stable in saline at 37°C For at least 3 months:

[

. Touse silane coupling as the method ot attachment;

3. To use the slanes to contral the spatial extent {0, (he pattern} of the deposited
surface,

d; Developing a cell culture or other suitabie model of mammalian cortex and investigate the

growth and adhesion of neurons, glia. micro-ghia. and other cells present in lhe nervous

systern on substrates coated with the selected surfaces:



¢ Cooperatmy with other thvestigators in the Neural Prosthesis Program by coating
microciccrrodes testimated 50 over the contract period with the most promising matcrials

For i vive ovaluation as directed by the NINDS Project Officer.

Bag¢kground

Biomalerials that penetrate into the central nervous system as the microscopie
clectrode shafts of neural prostheses tneract with nearal and other tissues on a cellular and
molecular level, In order to uchieve tight coupling berween these implanted microclectrodes
and the target neural substrare, this interaction must be understood and controlled.
Controlling the interaction reguires an understanding ot how cells, including neurons and
liz, und extracellular proteins responcd o the surtace chemistry and any leachable
substances of implanted biomaterials, This contract supported research wilh study these
interactions with a long-term zoul of ratonally designing microelectrode surtacas 1o
promote specilic tssue interactions.

Presently. avarluhle clinical noural prosthetic implants typically wse stimulus levels
thut execite volumes of neurat tissue ranging from cubic millimeters o cubic centimeters

arpund the electrode. Because of the large stimulus mtensities required. precise control of

the response of peurans within the first few cell Layers of an implanted electrode has not
heen necessary, Recent developments in the arcas of nicromachimog and tabricanon of
silicon integrated cireunt microelectrodes have introduced the possibitity of controlled
stimlation of smaller volumes of neural tssuc--on the order of one theusand to one
hundred thousand umes smaller than those used today.

The efficiency of these mcroelectrodes depends on the micre-enyvironment arcund
stirnulating sites. The surface of the mictoelectrodes and the proteins that adsorb to this
sirface huve w major impact on the way in which difterent cell populations react to the
implant. Newral growth cones ate sent aut from many newrons around a microclectrode
tollowing impluntation. With appropriate surfuces it may be possihle o get selected
neurons 1o send processes directly to the microelectrodes. Gha and ather eells also respond
o an implanted electrode. With appropriate surfuces (Uinay be possible 1o promote cell
adhesion and anchoring of same arcas of the implant structure while leaving other ureas
with minimal response from glial cells. This study will investigate cellular and molecular

responses w specific surtuce modifications of stheon microclectrodes,

[ ]




RESULTS

Self-Assembled Monolaver Modilications

To prepure biovoinpatible surfaces for neuronal cell survival and axonal outgrowth
we modified different materials with selt-assembled monolayers (SAMs) Three of the
substrate materials that have been modilied are silicon, glss and silicon nitride,. These
materials are cleaned prior to moditication w ensure the removal of surface contaminants
and o credte reactive silunal eroups aa the substrates surface. These surtuce silanol or
hydroxyl groups are used as o finad reactive site for preparing SAMs. A solution of
reactive silanes such as mone-odi-oor weiehlore IR-S1-(CTH X=1.2.3) or uimethoxy (R-5t-(
OCH 3y silane. {Where R is @ ethered functional group such as an annng, methosy, thiol,
et Minimizaton of water 15 very impurtant for this reaction not o oceur loo guickly.
however a very small amount s necessary to make the reaction occur. A very thin
adsorbed water Liver on the surtace of the substrates makes the chloro or methoxy groups
bydrolyze to form R SELOHI . The R-51-1OH}, molecules will hyvdragen bond with each
other andfor to the surface. At this point, condensation can occur creating a covalent bond
with the swtace silanol or nydroxyl group. After repeated rinses of the surface to remove
unbound silanes. & final heat step causes further condensalion driving hinal 5i-0-51 bonds
o form and complering the selt-assembly, The SAM provide an effectively new surface
whose chemical propertics may be conuolled by careful choice of silanes containing
selective chemical functionul grouns.

The matnx of SAMs that have been examined foi cell culture survival and axonal
outgraowth are shown in Table 1. The average water advancing contact angles are given for
cach monoluver prepared in descendimi erder statting with the most hvdrophobic surface.
The contact angle measurenenl is 4 good representation of the hydrophobicity of the
surface. 13F is the most hvdrophobic surface shown with an average contact angfe of 103
degrees. Neuronal survival is not only based on some critival amount of hydrophobicity

but alse on the functional aroups presented by cach monolayer.

Surface Analvsis 9 Before Culture

Surface analysis by X-ray photoelectron spectroscopy (XPS) 18 necessary far this
program i the same way that an NMR spectrometer 18 necessary for conducting an organic
syithesis progrann, Sinee we are synthesizing new surfuccs and moditymg their
propertics, we necd 1o assay the result of the surfuce before Dstarting materiul} and after
ireaction progducty modification. This 1s analogous w exanuning the synthesis of new

chemical by NMR. Figures | and 2 show N Ls spectra for several representatives of the




SAMs we have used 1o date o optimize cell culture responsc to the surfaces. The nitragen
v indicative ol the presgnce of i anine tunctionality as well as the degree of protonation
thigh energy vs. low energy peak i This i important hecause we have seen a direct

carrelation between degree of protonation and cell viability.

Table |

Abbrevianon Chenncal Contact angle, €,
[OTS octadecylinehlorosilane 103
NDEC N-decylirichlorosilane 9%
13 (tridecatluoro- [ 1.2 2-etrahydrooctyl) | 90

dunethylchlorosidane

TCMD { 10-Carbonwthoxvdecyly dimethylenlorosilunc &/
PPDM i 3 phenvipropyhdimethylochlorosilanc 6t
CP A-cyanopropyldimethlchiorosilune 63
1P triphenvlchiorosilune )
PEDA (amincethyluminomethyhphenethvtteimethosysilane 536
MTS 3-mercaptopropylirimethoxysilane 54
MTE-0OX oxudized 3-mercaptopropyi-trimethoxysilane 46
NBUT i-butyldinwethvlchlorosilane 14
APTS aminopropyltrimethoxysilune 42
DETA trimethos vsilvlpropyldiethylenetriamine 37
EDA N-( Z-aminocthiv])-3-ammopropy ltrimethoxysilane A5
MAP MN-methylaminopropyltrimethexysilane 3
D-MAP (NN duncthyl-3-aminopropyDtnmethox ysilane 3
PEG-350 tricthoxvsilvl polyethylenegiyeol (imw = 331 il
LJAD 11- undecanome actd dimethylsiioxy 2

Stability of SAMs

[or use i vive, (b s IMpertant to assess the stabitity of the SAMs under

physiological conditions. Initally . eight (%) SAMs were (ested on glass coverslips in PBS
al 37 degrees. With the posaible exception of the MTS SAM, there was evidence of &
sigmiticans deeredse o moleculur coverage atter two weeks. This can be attributed to
hyerolysis, us hus been reported by other workers.

Toapproach more reahstic condinons, w seeend test included a butfered solution of
protein using the concentration found w our i vicvo serum-free cultures thovine serum
alhumin, BSA, (L0014 1. For the tughly -fluoninated 13F-C1 menolayer, the XIS data
were modeled o allow for the attenuation of the F signal by a rupidly deposited protein
overliver that adsorbs when BSA 15 present in sotution. This madel supported that in the
presence of an adsorbed adlaver some silanes are much miore stable. We hypathesize thar
the protein layer mhibits hiydrolysis of SAM molecules from 510, This provides a basis

tor understanding the long-term effects of surface monolayers on cell culture systems,




where proteins are part ef the mediam and are praduced by the cells as well, However,
alter 4-8 weeks. we atwerved a further decrease in the - signal but also the increasce of 1ons
(10, N L that are ndicative of glass dissolving, 10 further experniments, the stability of
trichloro- und monochloro-terminated [ 317 s1lane monalayers was wested on two different
substrates. wluss cover shps and silicon waters in a igher concentration of BSA (0. 1%},
[nterestingly the trichlore 13F monolayer (on 81030 was tound w be more stable than the
monochloro 13EF for short periods.

Taken together. these studivs show that the adsorbed proteins expected in any real
bologicul evaluation stabilize the SAM for an imitial pernidd. The reachon mechanism of the
SAM with the surtace 15 also a key element. and as indicated by the greater stability of
groups with multiple attachment points itrichlore vs. monochloro). The gluss s unstable in
the presence of PBS but we have used resuits itom wnother project to show we can stabilize
the glass and then resultant monolayers. Finally. since the ultimate goal 1s {or the 8AM 10
just be a template Tor imtting the mcorporation of an implant 1t may be enough to have

short ferm stahility.

Post-mortem XPS of cell culture plates

The amount of material deposited on the surfaces by the cell culture process has
been measured by XPS. Flaure 3 compures XPS peak areas Tor DETA with and withew
cells. and indicates that the deposited material 18 itom U cells and not from the
surrounding scrum free medium (MEMINZL This (s extremely important for determining
the response of cefls ma dehoed wmvirg system Toaddition, Fraure 3 shows that in the
presence of cells a protein layer 15 rapidly established but then levels off with tune. Good
agreenient is found in the amount of prowein for DETA and PL, which abso showed similar
cell morpholozy and attachment. Modeling ob the normalized C Fs peak areas vields a
profein layer thickness ot 60 Lo 70 angstroms lor both surfaces alter 1O daysn tis
nedivim.

The exminination of the deposited material after culture has proved 1o he very
informative in diagnosing the cells” response o surtaces and correlates with morphology.
Wi have shown that in healthy cell cultures, in our model system, that the deposited
materinl increases over a one 10 three day period and then stabtlizes. Conversely. on
surtfaces where cells display undesiruble morphological features such as clumping,
necrosis, and cell death, the Tayer continues to increase unttl the end of the culture. We are

preparing a nanuscript o detnl these observutions.
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Cell Morphological and Immunostaining Results:

Adult cultures

We have successtully cultured adult rat cortical cells ina delined. serum-free culture
(Figure 410 This presents an extraordinury opporiunity o relate embryonic and adult in
vitres results wid then compare them ta the i vive tesults, We have proven there ure

neurons by showing that dissociated cells express the appropriate neuronad markers, an

example of which is microtubule associaled protein (MAP 21 which s shown in Figure 3.
This i vitee system will allow us o analyze adull cortical neuron response 10 Injury. to
implantable substrates und allow us to formulate conditions in s defined culre

envirorment toward development ot effective e imiplantation.

Phenotype determination

W also investigzated the etfects of SAMs on cell phenvtype expression of rat
cerghbral cortex in wdefined systern which is purticularly important it our hypothesis that the
body can be directed 1o meorporate the implant is valid. Cell hneage studies have shown
thatt there are twa majar types of neurons; pyramidil and non pyrumiclal cells (Price und
Thurlow, 1988 Parnavelas ot al.. 19920 that have been idemilied in the rar cerebral cortex,
Pvramidal neurons use the excitatary transmitter glutamale whereus most non-pyrandal

neurons use the whibitory neurotrunsimitter GABA (Jones and Hendy, [986: Emson and

Lindvall. 1982, By using antibodies against glutamalte and (7ABA we are able to identify
these teee types of neurons, There are also three distinet types of ghal cells: astrocyles,
oligedendrocytes and microgha (Grove et al., 19930, Using specific cell markers we can
detect cach ot those 1ypes of alial cells. All the neurons and glial cells that comprise the
adult cerebral cortex are derived from the embryonic precursors. Cell phenotype cholee to
become neurons or glia and neurotransmitter choice to become glutamatergic or GABAcrgic

are aeracial step in cortical development. The tactors that control the tiinely ditferentiation

of the precursor ells mio difterentiated cell types are not well known, 1t is believed that
the cell cnvironment plays a key role in the specification of cortical cells. even though a

cell s inrinsie developmentul progrum s important in regulating cell lineage (W illiams and

Price. 19951 In our studics, the expression of cortical cell phenotype was examined in an

iz vitro system in which emibryonic rat cortical cells were grown on sthea substrates

moditied with artiticial surfaces composed of silune self-assembled monolayvers (SAMs} in
serumi-free mediurm (igure 63, Sister cultures were innnunostained with o panel of
antibodies to detect specific differentiation markers: neurons and glial cells are wentified by

using rubbit anti- NSL (neuron- specitic enolase. 15000, Chenuicont and mouse anti-




GEAP (olial fibrillary geidic protem. 12300, Suyzma) pyramidal and non-pyramidal neurons
are distinguished by using guinea pig anti-GABA (1:300, Chemicon} and mouse ant-
slutamate 500, Inestary,

Double-unmanoilucrescence staining for NSE and GFAP of cultured cortical cells

dissociated from EFT-18 rats showed thai GEAP+ cells tastroeytest appeared about 7 days

in culture and increased with age while NSE+ cells {(neurons were reduced. o older
cultures, more astrocytes relarive to neurons were detected. On hydrophobic surtuces (13F
ardl 1S fower neurons were Found than on o hvdrophilic surfaces.

Deuble-immunotlucrescence staming tor glutwmate and GABA was carried outm
stster culwres tFigure 710 Results showed thal in cultures grown on poly-D-lysine,
glutamatergic neurons represent approximalely 34 0% ol 1otal cells, GABAerme
Deurons represent aboul 30 - 605 of total cells. and the ratio 1o glutamater e o
GABAcreic cells was 0.6 0 1. which is consistent wilh findimg of irnmunoecyvtacherical
studies frvivo (Conti et al, 1987 19800 In cultures on DET AL this rutio was 060 1. Tn
contrast. on 13F und OTS. about 20 - 30% were composed of glutamatergic. 30 - 60%:
cxpressed GATY and the ratio of glutamatergie to GABACrgic was 0450 [ This suggests
that a hydrophilic surface iDETAY sinular o poly D-lysine. supports hoth glutamatergic
and GABAcrgic trunsmitter phenorvpes. while hydrophobie surtaces (13F and OTS)

decreuse the number of glutamatergic celis more than GABAezrge cells. This expeniment

indicales we can use surface chemistry 1o select lar cell phenntype.

Another siriking finding was from our stucbes on effects of a combination of two
Tactors (substratunt and growth tactory on cell survival and ditferentiation. We investigated
the etfects of bFGL on cell survival and process extension of astrocytes ke from new
horn rial cerebral cortex grown on arificial surtuces 1Fiaure 81 The leading edge extension
is characterized by the leading edge output. the brunch nodes and the number of arbors.
Results showed a striking trophic action of BFGE on astracytes grown on poor surtaces
C1AF and QTS5 but oot cells on poly-D-lysine and DETA (1-4) These findings strongly
siggest that bFGE exerts some prowclive efiect on astrocytes o viree,

In another set of experiments we investigated the effects of hFGE, BDNT, and
CNTF on neargnal survival and neucite outgrowth on antificial surfaces. The cortical cells
were grown on poly-D-lysine, DETAL 13F. and OTS. The cell survival was assessed by a
comparisan ol the nuntber of cells surviving a given point relative o the number of cells
surviving at the time of cullure inittaton. The exient of neurite outgrowth was
characterized in werms o (otal process vutput, the mean arbor output, the number of arbors
and cell body area. Results showed that hydrophilic surtace {DETA)L similar to poly-D-

lysine, supported the growth of promary cortica] neurons. whereas poor attachment and



cunsequent poor cell survival and neorite growth eccwrted incaltures grown on
hydrophobic surfaces (13F and OT5). However. the addition of bEFGE 20ng/mly, BDNE
{100/, and ONTE (20ng/ml mereased the number of cells surviving and neurite
orowth Lo various extents. Douable immunotiuorescence staming with a mixture of anti-
slutarmate (Inestary and uno-GAD (1440m sift of Dr. Koepind in sister cultures showed that
the growth factors enhanced cell survival und neunte outgrowth for both ghitamatergic and
CGABAergic neurons, This study suggests that bFGE, BDNE and ONTF have a protective

elfect for neurons, (2 vieo. aguinst poor substrata.

Microglia

We have prelnninary results indicating substrare can play a key role in microglial
attachment. activation and response (Figures 9,100 Frgure HY shuws microgzlhial culwres
ar duy 12, fixed and stained with OX-42 01100 Serotech). Microglia plated an poly 13-
[ysine controls and DETA have improved attachiment and survival as compared to cells
plated on the 13F monolaver, The cultured microglia project thin processes and resemibie
ramified microglia (Figure 9. 10, Microglial cultures of rat have proved 1o be difticult

wiich decreases the umount of usable data, but we are working on alternative preparations.

Covalent Attachmenlt of Biological Macromaolecules

SaMs play un mmportant rele in the preparahon of o reproducible functionalized
surtace. SAMs can also be used 0 covalently atlach hiological macromolecules 1o the
surface. The matrix of SAM<as shown in Table 1. provade a number of different
funciionul groups to do further chemistry, Covalent altachiment chemistry to SAMs are
done with crosslinkers such as [-ethyl-3-i 3-dimethylamimopropylicarbodiimide
hydrochloride (EDC), phenyldiisathioeynate, N-succinimidy] 4-malcimidobutyrate
IGMBSL or slutaraldehyide.

Sceveral homogeneous cross inkers have been surveyed tor protem attachment.
Two of these wre phenviene diisothiocyamue and diethylmalommidate. These were found
to be less etiective far cross linking apo-transierrin than glutarldehyde. Figure 11 shows
XPS charucterization of the attachment of apo-transfeerm oy an APTS monolayer. The
battont spectra in this tigure shows the APTS monolayver. The underlying ghass subsinate
15 detected by the predominance of silicon (51 25 peak al 150 eV, S0 2P peak ot 100 ¢V and
oxyagen (O Iy peak at 530 ¢V, Auger peak al 970 oV as expected. APTS attached to this
stthstrate 15 characterized by the carbon iC Ts peak at 280 ¢V, and nivogen (N 1s peak at
400 e Vi Anincrease in the carbon signal imiddle spectras is seen ater reaction of

elutaraldehyde with APTS. The subslrates were copiously rinsed ot glutaraldehyde with



D1 water and mmmediately placed into a solution ot ape-transterrin. The protein attachiment
step in this procedore s Tollowed by muny washes of 4 surfactant in PBS to remove any
unreacted protein on the surlace. The covalenty atachied apo-transternn s shown in the
lop spectra by an increase 1 both the mitrogen and the carbon peaks relative to the silcon
FESPONSE.

In wcdition te apo-trunsferrin {APUH. bovine serunn aibumin (BSAT was also
covalently attached to an APTS monolayer for survey of cell culture to L 18 ral contical
neurons cultured in MEM + N37g i1 the presence of 5 ng /ml bFGE, Figures 12 and 13
show the contrast of the covalently aliached protein 1o (he adsorbed protein with additional
controbs (e, P APTS, APTS + shuaraldebvdeiGLTD . While the outcomes are
preliminary and subtle: swvaval, process outgrowth wnd cell population expression are
maditicd by the presence of predeins: both adsorbed and covulently hnked BSA (2 CID)
and covalently linked APO 2 A By as carty as day 4.

Adkelittonal survey experiments were done ona seres of covalently attachied
biologicu) macromolecuies, The wiater soluble carbodinmide crosshinker |-ethyl-3-(3-
dimethylaminepropyhearbodiimide hydrochloride (EDEN, was used to attach the proteins
larminin and Ihronectun und glycosaminogyleans heparin sulfute and chondrontin sulfate,
Thas crosslinker under acidic conditions forms amide bonds berween an amine (from w
monolayer such az APTS or DETAYand o carbaxyhe acid tunchanal group (from the

biological macromolecule).

Coflaboratiaons

We established qcottaboration with W, Agnew ot the Hunlington Medicat Rescarch

Institute. While we have not yet specifically modified clectrodes, we have successlully
moditied the poly-stlustic sheath that holds aseries of microclectrodes in place along the
spinud cord during implantation (A gnew et al . 199071 One prablem we arc focused on
solving is that the sheuth s glhial sear butldup and adhesions that eventually displace the
clectrodes laterally Cwitht ailhesion) and vertically (due to butldup of tiasue). We have
contacted Dr. Albert Lossingshy und wiall begin a new series of experuments once the costs
of the & vive work is deterruined and e Agnew’s upproval of the scope of the project 1%
obtained. This has taken much longer than we had anticipated but we are hopeful to
generate at least some dati before the end ot the project,

[ acdditiont 1o colTuborations with the Huntington [nstitute. we have contacted and
are 10 the process of estahlishing studies of & vive implantution of moditied materials into
corex inanimil models wath Cordel] Gross at the University of Vermont and Sharon

Juligno At Uniforni services University of the Health Sciences in Bethesda.

o



XPS Intensity (N 1s)
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XPS Intensity (N 1s)

Figure 2
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ADULT NEURONS Of RAT CEREBRAL CORTEX
CULTURED ON DETA IN SERUM-FREE MEDIUM

4-day-cid cultures




ADULT RAT CORTICAL NEURON CULTURED
IN SERUM-FREE MEDIUM

Phase-contrast MAP2 immunostaining




Survival cf cerebrai cortical ceils in 21-day-old cultures

DETA DETA

Poly-D-tysine Poly-D-lysine + CNTF




GABAergic/Glutamategic EXPRESSION IN CORTICAL
CELLS CULTURED ON ARTIFICIAL SURFACES

Phase-contrast Double-flucrescence immunostaining

13F



1-DAY ASTROCYTIC CELL CULTURES IN SERUM-FREE MEDIUM
Control With bFGF
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Enriched cultures of rat microglia
derived from cerebral cortex

Phaga . Immunostaining with

A

if.* - ) -
micraglia

CETA




EFFECT OF SURFACES ON CORTICAL MICROGLIAL
SURVIVAL AND GROWTH IN CULTURE

Phase-contrast Anti-0OX42

13F




